Objective To examine the association between trends in antidepressant prescribing and suicide rates in Australia for 1991-2000. Design Analysis of databases of suicide and rates of antidepressant prescribing according to age and sex. Setting Australian Bureau of Statistics data, sales data from the Australian pharmaceutical industry, prescribing data in general practice. Subjects Men and women aged 15 years and over in 10 year age groups. Main outcome measures Trends in suicide rates and trends in antidepressant prescribing. Association measured by Spearman's rank correlations. Results While overall national rates of suicide did not fall significantly, incidence decreased in older men and women and increased in younger adults. In both men (r s = − 0.91; P < 0.01) and women (r s = − 0.76; P < 0.05) the higher the exposure to antidepressants the larger the decline in rate of suicide.
Introduction
In many developed countries the number of prescriptions for antidepressants increased steeply during the 1990s, after the introduction of selective serotonin reuptake inhibitors (SSRIs). [1] [2] [3] [4] In some countries the increased rate of prescribing coincided with fall in the suicide rate. [2] [3] [4] Research has been carried out to test the hypothesis that increased antidepressant prescribing was partially responsible for this decline. In Sweden between 1991 and 1996 antidepressant prescribing increased steeply after the introduction of the SSRIs in 1990, and the rate of suicides was inversely related to rates of antidepressant prescribing in most age and sex groups. 3 In another study in Sweden Carlsten et al examined data for 1977-97 (using official mortality statistics) and data on antidepressant use from surveys of sales to pharmacies. 2 They found that suicide rates declined over the whole study period, but the rate of decline accelerated after the SSRIs were introduced in 1990. In Hungary in 1984-98 antidepressant prescribing rose steeply after the introduction of SSRIs in the early 1990s and rates of suicide declined, despite steep increases in unemployment and per capita alcohol consumption. 4 Contrary to these positive findings, however, in Italy Barbui et al did not find any association between suicide rates and antidepressant use for 1986-96, during which time SSRIs were introduced. 5 We examined the association between changes in antidepressant prescribing in Australia for 1991-2000 and changes in rates of suicide. We analysed differences in suicide trends between men and women in different age groups to assess whether age and sex rates in suicide were related to differences between age and sex groups in exposure to antidepressant medication. We also examined any differences between age and sex groups in rates of antidepressant prescribing and whether these were related to trends in suicide rates in these age and sex groups.
Methods
We used a quasi-experimental approach to analyse associations using prospectively collected data sets. 6 We used information on per capita alcohol consumption, unemployment rates, and method of suicide to assess the plausibility of competing explanations of any associations.
Suicide-The Australian Bureau of Statistics provided data on the age and sex in all cases of suicides for each year for 1986-90 and 1996-2000. 7 We calculated annual mortality for men and women in eight age groups (15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84 , and ≥ 85 years) using population estimates.
Antidepressant use-We estimated trends in prescribing of antidepressants by combining data on sales with estimates of the proportion of antidepressants that were prescribed to men and women in the eight age groups. Data on total sales of antidepressants were obtained from IMS Health Australia, the leading international provider of data on drug use to the pharmaceutical and healthcare industries. We converted data (retrieved as kilograms of active ingredient) to defined daily dose (DDDs). This figure is based on the assumed average daily dose of the drug when it is used by adults for its main indication. 8 The estimated age and sex profile of people prescribed antidepressant drugs was derived from a series of large scale surveys of prescribing by Australian general practitioners, who account for the bulk of such prescribing in Australia. [9] [10] [11] Information collected from these surveys was encounter based with randomly sampled general practitioners (in 1990-1, 1995, and 1998-2001) recording prescription practices over a set number of consecutive encounters. The level of antidepressant prescribing in each age and sex group was expressed as the estimated defined daily doses per 1000 population per day (DDD/1000/day).
Statistical analyses-We used Spearman rank correlations (r s ) to assess the associations between trends in rates of suicide and trends in antidepressant prescribing for each sex. The trend in suicide within each age group was measured by the difference between the suicide rates per 100 000 people in two five year periods (1986-90 and 1996-2000) . We assessed the trends in antidepressant prescribing by the mean of the DDD/1000/day in each age group across the three large general practice surveys and by the difference between the DDD/1000/day in 1991 and that in 2000. The former was a measure of each group's total exposure to antidepressants; the latter was a measure of the change in rate of antidepressant prescribing for the group over the study period.
Results
Trends in suicide and antidepressant prescribing-The total suicide rate for Australian men and women did not change between 1991 and 2000 because marked decreases in older men and women (table 1) were offset by increases in younger adults, especially younger men. 7 Between 1991 and 1998 the rate fluctuated between a low of 11.8 in 1993 and a high of 14.7 per 100 000 in 1997, when there were 2723 suicides (2146 men and 577 women).
7 Table 2 shows the trends in DDD/1000/day for each age group separately for men and women. Exposure to antidepressants was generally higher for women than men in all age groups and increased markedly for both men and women over the study period, with the largest increases among older adults.
Association between suicide and antidepressant prescribing-Among both men (r s = − 0.91; 95% confidence interval − 0.57 to − 0.98) and women (r s = − 0.76; − 0.12 to − 0.95) the largest declines in suicide occurred in the age groups with the highest exposure to antidepressants across the study period (fig 1) . There was also a significant inverse association between change in DDD/1000/day and change in suicide in women (r s = − 0.74; − 0.07 to − 0.95, fig 2) . The latter correlation was not significant in men but the confidence interval around it was consistent with a large negative correlation (r s = − 0.62; 0.36 to − 0.80; fig 2) .
Discussion
We found a steep increase in antidepressant prescribing in Australia from 1991 to 2000, which, unlike in earlier studies, was not accompanied by a decline in overall rates of suicide because there was a large increase in suicide in young people over the same period. 7 There was, however, a strong association between the groups with high exposure to antidepressants and the groups in which the rate of suicide fell. The groups with the highest antidepressant exposure showed the largest declines in suicide.
Making causal inferences from ecological data
Because we have studied ecological rather than individual level data, correlations between overall trends in suicide rate and antidepressant prescribing do not necessarily mean that antidepressant prescribing has reduced rates of suicide in depressed patients. Ecological data can support causal inferences if they are supported by other evidence, both negative and positive. Negative evidence supports the implausibility of alternative explanations of the association. Positive evidence supports a causal explanation of the observed association-for example, by supporting a mechanism that would explain the association.
Excluding plausible alternative explanations
Systematic errors in the data on suicide or antidepressants may have biased the results. Suicides, for example, are under-reported, and there are likely to be errors in using general practice prescription profiles to estimate sex and age differences in use from sales data. It is unlikely, however, that under-reporting of suicide should have changed over time or that such under-reporting, or any errors in the general practice survey data, would both vary by age and sex in the ways required to explain the patterns in our data. Trends in risk factors for suicide, such as unemployment and per capita alcohol consumption, may explain the decline in suicide. Per capita alcohol consumption (calculated from sales data) shows a substantial decline in the early 1990s in Australia, but it remained steady throughout the remainder of the 1990s. 12 This was mirrored by trends in alcohol related injuries. 13 Among older men unemployment increased during the study period, 14 excluding this as an explanation for the reduction in suicide among men in this age group. Increases in unemployment in younger men may have contributed to the rising suicide rate in this age group. 15 There is no evidence of marked changes in method of suicide that would explain the different rates of decline in suicide between age groups. 7 We can also exclude the possibility that the declines in suicide rates reflect education campaigns to reduce suicide because in Australia these campaigns have focused on suicide among young men.
Declining suicide rates in older Australian adults may reflect a general improvement in quality of life among older Australians. This is not supported by surveys of self reported quality of life in Australia in 1981-9 and 1996-7. 16 There was no change in quality of life over this period and no differences in change in quality of life between older and younger Australians.
16
Positive evidence for a causal interpretation There are several reasons for believing that increased antidepressant prescribing may have contributed to the decline in suicide. Firstly, depression is a risk factor for suicide, and antidepressants reduce suicidal ideation. There is little direct evidence that antidepressants reduce the suicide rate because suicide is rare even among clinically depressed people, and even large clinical trials of antidepressants have had limited power to detect a reduction. None the less, there is reasonable epidemiological evidence that antidepressants reduce suicide rates in depressed patients. 17 Secondly, the prescription of antidepressant drugs is also often accompanied by other assessments (such as asking about suicide risk, giving information to family members) and clinical interventions (counselling, support, ongoing clinical review). These interventions, in combination with medication, may reduce suicidal behaviour. 18 Thirdly, the introduction of selective serotonin reuptake inhibitors may have been responsible for increased prescribing and other interventions for depression in primary care. These drugs have a lower rate of sedation, postural hypotension, and cardiac changes, fewer serious drug interactions, and greater safety in overdose than older types of antidepressant. 19 These characteristics have reduced doctors' reluctance to prescribe such drugs to older patients, 20 patients with other medical problems or who are using other medications, and working patients for whom sedation is a major limitation. General practitioners are now more likely to prescribe antidepressant drugs without referring patients to a specialist. Finally, formulations of selective serotonin reuptake inhibitors (for example, one tablet once a day) improve compliance with treatment. While some patients are reluctant to start antidepressant treatment, 21 experiences with the safety, tolerability, and benefits of selective serotonin reuptake inhibitors may be changing attitudes towards drug treatment for depression, 21 which may, in turn, have increased treatment seeking and compliance in older men and women. 18 We think that antidepressant prescribing is a proxy measure for exposure to psychosocial and pharmacological interventions delivered by a general pracitioner for depression, anxiety, and other comorbid psychological disorders. Data from Australian general practice surveys indicate that general practitioners identify a wide range of psychological disorders, provide more non-pharmacological than pharmacological interventions, and, when they use pharmacological treatments, rarely provide them without psychosocial assessment and support. 11 18 22 Recognition of psychological disorders in general practice and general practitioners' use of psychosocial and pharmacological treatments for depression may have improved. 23 Given these trends in general practice, the association we observed between antidepressant prescribing and suicide may reflect increased recognition, diagnosis, and treatment of depression by general practitioners as much as any pharmacological effects of antidepressant medication. 18 22 If this proves to be the most plausible explanation of our data, it supports the public policy of encouraging general practitioners to improve community mental health. 18 23 24 We thank our colleagues on the beyondblue project steering group: Neil Donnelly, Louisa Degenhardt, Robert Goldney, Bill Montgomery, Ian Wilson, and Katherine Duszynski. Contributors: WDH assisted in preparing the application for funding, developed the approach to data analysis, supervised the data analysis, and produced the first draft of the paper. AM had the original idea for the study, prepared the application for funding, assembled the research team, contributed to the data analysis, assisted in drafting of the paper, and is the guarantor for the study. PBM helped to develop the original idea and to secure funding and contributed to the data analysis and preparation of the final paper. VAR obtained the various data sets used in the analysis, liaised with the custodians of the datasets, undertook the statistical analyses, and assisted in the preparation of the paper. IBH assisted in securing funding for the study and contributed to data analysis, interpretation of the data, and the preparation of the paper. PMcM helped to develop the original idea and contributed to the data analysis and preparation of the final paper. Funding: beyondblue (the national depression initiative). Strategic Fund of the Vice Chancellor, University of Queensland. IMS Health Australia Pty provided retrospective data at no charge, courtesy of Eli-Lilly Australia Pty. The guarantor accepts full responsibility for the conduct of the study, had access to the data, and controlled the decision to publish. Competing interests: AM was a consultant on Quality Use of Medicines to Merck, Sharp and Dohme Australia (1997), has been a member of advisory boards for Pfizer and SanofiSynthelabo (1999) (2000) , and was sponsored to attend Global Health Care 2000 Conference (Eli-Lilly). PBM has received research funding and honorariums in the past five years from several pharmaceutical companies that manufacture antidepressant medications. IBH has received research funding and honorariums in the past five years from several pharmaceutical companies for conduct of general practice training programmes and from Wyeth for participation in international meetings detailing the economic and social costs of depression.
